WHAT IS CLAIMED IS: 

1. A magnetic structure for generating a uniform magnetic field capable of 
implementing NMR imaging of the head of a patient within a region of interest, comprising: 

a) first and second magnetic structures defining a first cavity having the region of interest 
and configured to accommodate the head of a patient and defining adjacent the first cavity a 
second cavity, larger than the first cavity, configured to accommodate the shoulders of the 
patient when the latter's head is positioned in the 'first cavity, the first and second magnetic 
structures being positioned on opposite sides of the first and second cavities and defining a 
common longitudinal axis through the centers of the first and second magnetic structures and 
providing access from the outside for surgical intervention to the head of the patient when 
positioned within the first cavity, 

b) each of the first and second magnetic structures comprising a magnetic structure 
including: 

i) an annular conical section of permanent magnetic material and having a narrower 
end and a wider end connected by inner and outer substantially conical surfaces and a conical 
axis coincident with the common longitudinal axis, the narrower end being positioned closer to 
the region of interest than the wider end, the conical section having a first value and a first 
orientation of remanence, 

ii) an inner essentially cylindrical magnetic section of permanent magnetic material 
and having a longitudinal axis coincident with the common longitudinal axis and adjacent and 
magnetically coupled to the wider end of the conical section, the inner cylindrical magnetic 
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cylindrical magnetic section having a second value and a second orientation of remanence, 

iii) transition means for interfacing the wider end of the conical section and the 
adjacent end of the inner cylindrical magnetic section for at least partially correcting for field 
distortion in or near the region of interest arising from the magnetic coupling between the wider 
end of the conical section and the adjacent end of the inner cylindrical magnetic section. 
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2. A magnetic structure as claimed in claim 1, wherein each of the first and second 
magnetic structures further comprises a pole piece member of ferromagnetic material and 
positioned within the conical section adjacent its inner surface and having an axis also 
coincident with the common longitudinal axis. 

3. A magnetic structure as claimed in claim 2, wherein the first orientation of 
remanence is substantially the same as the second orientation of remanence. 

4. A magnetic structure as claimed in claim 3, wherein the transition means is 
constituted by an inner portion of the inner cylindrical magnetic section having a value of 
remanence that is greater than that of the conical section. 

5. A magnetic structure as claimed in claim 4, wherein the value of remanence of the 
inner portion of the inner cylindrical magnetic section is about twice that of the conical section. 

6. A magnetic structure as claimed in claim 2, wherein the first value and first 
orientation of remanence are substantially the same as the second value and the second 
orientation of remanence. 

7. A magnetic structure as claimed in claim 6, wherein the transition means is 
constituted by at least one magnetic strap extending radially within the inner cylindrical section 
to force surfaces therein intended to be equipotential to become more equipotential. 

8. A magnetic structure as claimed in claim 7, wherein the magnetic strap extends up to 
but spaced from the inner surface of the conical section. 

9. A magnetic structure as claimed in claim 2, wherein the magnetic properties and 
configuration of the conical section and inner cylindrical section are based on an initial selected 
design factor K, the magnetic structure being actually configured on the basis of a design factor 
K selected to have a value slightly larger than the factor originally used in the design such that 
the field uniformity in the region of interest is improved. 

10. A magnetic structure as claimed in claim 2, wherein each of the first and second 
magnetic structures further comprises an outer cylindrical permanent magnetic section having an 
axis coincident with the common longitudinal axis and extending over the inner cylindrical 
magnetic section and the ferromagnetic pole piece member. 
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11. A magnetic structure as claimed in claim 10, wherein the outer cylindrical magnetic 
section has a third value of remanence and a third orientation of remanence. 

12. A magnetic structure as claimed in claim 11, wherein the third orientation of 
remanence is substantially the same as the first orientation of remanence and the second 
orientation of remanence. 

13. A magnetic structure as claimed in claim 12, wherein the first, second and third 
orientations of remanence are parallel to the common longitudinal axis. 

14. A magnetic structure as claimed in claim 13, wherein the third value of remanence is 
larger than the first and second values of remanence. 

15. A magnetic structure as claimed in claim 10, wherein the ferromagnetic pole piece 
member is recessed, and the outer cylindrical magnetic section has an inwardly extending 
section that extends into the recess of the ferromagnetic pole piece member. 

16. A magnetic structure as claimed in claim 10, wherein each of the first and second 
magnetic structures further comprises a magnetic strap extending radially between the inner 
cylindrical magnetic structure and a section of the outer cylindrical magnetic section spaced 
from the inwardly extending section. 

17. A magnetic structure as claimed in claim 16, further comprising a soft ferromagnetic 
section interconnecting the magnetic strap and the ferromagnetic pole piece along the inner 
surface of the conical section. 

1 8. A magnetic structure as claimed in claim 16, wherein each of the first and second 
magnetic structures further comprises a non-magnetic section between the section of the outer 
cylindrical magnetic section spaced from the inwardly extending section and the latter. 

19. A magnetic structure as claimed in claim 18, wherein the non-magnetic insert has a 
trapezoidal cross-section. 

20. A magnetic structure as claimed in claim 10, wherein the conical section, and the 
inner and outer cylindrical magnetic sections are configured to produce within the region of 
interest in the first cavity a uniform magnetic field capable of implementing NMR imaging and 
to extend the uniform field within the region of interest to the second cavity such that the 
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uniformity of the magnetic field in the region of interest remains capable of implementing NMR 
imaging. 

21. A magnetic structure as claimed in claim 10, wherein the first and second magnetic 
structures are configured such that the second cavity surrounds the first cavity and both the first 
and second magnetic structures are circular symmetric about the common longitudinal axis. 

22. A magnetic structure as claimed in claim 10, further comprising a yoke magnetically 
connected to the first and second magnetic structures. 

23. A magnetic structure as claimed in claim 10, wherein the ferromagnetic pole piece 
member of each of the first and second magnetic structures has a high permeability and a 
generally conical shape. 

24. A method of designing a magnetic structure for generating a uniform magnetic field 
capable of implementing NMR imaging of the head of a patient within a region of interest, the 
magnetic structure comprising: 

a) first and second magnetic structures defining a first cavity having the region of interest 
and configured to accommodate the head of a patient and defining adjacent the first cavity a 
second cavity, larger than the first cavity, configured to accommodate the shoulders of the 
patient when the latter's head is positioned in the first cavity, the first and second magnetic 
structures being positioned on opposite sides of the first and second cavities and defining a 
common longitudinal axis through the centers of the first and second magnetic structures and 
providing access from the outside for surgical intervention to the head of the patient when 
positioned within the first cavity, 

b) each of the first and second magnetic structures comprising a magnetic structure 
including: 

i) an annular conical section of permanent magnetic material and having a narrower 
end and a wider end connected by inner and outer substantially conical surfaces and a conical 
axis coincident with the common longitudinal axis, the narrower end being positioned closer to 
the region of interest than the wider end, the conical section having a first value and a first 
orientation of remanence, 
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ii) an inner essentially cylindrical magnetic section of permanent magnetic material 
and having a longitudinal axis coincident with the common longitudinal axis and adjacent and 
magnetically coupled to the wider end of the conical section, the inner cylindrical magnetic 
section extending radially in a direction away from the common longitudinal axis, the inner 
cylindrical magnetic structure having a second value and a second orientation of remanence, 

iii) transition means for interfacing the wider end of the conical section and the 
adjacent end of the inner cylindrical magnetic section for at least partially correcting for field 
distortion in or near the region of interest arising from the magnetic coupling between the wider 
end of the conical section and the adjacent end of the inner cylindrical magnetic section, 

iv) a pole piece member of ferromagnetic material and positioned within the conical 
section adjacent its inner surface and having an axis also coincident with the common 
longitudinal axis, 

v) an outer cylindrical permanent magnetic section having an axis coincident with 
the common longitudinal axis and extending over the inner cylindrical magnetic section and the 
ferromagnetic pole piece member; 

comprising the steps: 

A) initially selecting a design factor K for configuring the magnetic properties and 
configuration of magnetic components including the conical section, the inner and outer 
cylindrical magnetic sections, and the transition means, 

B) measuring the field uniformity in the region of interest for values of K that differ by no 
more than 10% from the initially selected design factor K, 

C) reconfiguring the magnetic components using that value of K taken from the 
measurements made during step B) that shows the greatest uniformity. 

25. A method as claimed in claim 24, wherein the value of K chosen in step C) is larger 
than the initially selected design factor K by between 2 and 4 %.. 

26. A method as claimed in claim 25, further comprising the additional steps of 
providing additional compensation by a shimming technique for reducing field distortions due to 
fabrication tolerences: 
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D) constructing at least first rings of permanent magnetic material dimensioned to surround 
and contact the outer conical surfaces of both conical sections, 

E) magnetizing the first rings such that when positioned on the conical magnets, the 
orientation of their remanence is radial and perpendicular to the longitudinal axis, 

F) placing the first rings on the outer conical surface at its bottom vertex of both conical 
sections, 

G) if necessary, reconfiguring the first rings or adding second rings to the conical sections to 
further reduce field distortions. 

27. A method of shimming a magnetic structure for generating a uniform magnetic field 
capable of implementing NMR imaging of the head of a patient within a region of interest, the 
magnetic structure comprising: 

a) first and second magnetic structures defining a first cavity having the region of interest 
and configured to accommodate the head of a patient and defining adjacent the first cavity a 
second cavity, larger than the first cavity, configured to accommodate the shoulders of the 
patient when the latter's head is positioned in the first cavity, the first and second magnetic 
structures being positioned on opposite sides of the first and second cavities and defining a 
common longitudinal axis through the centers of the first and second magnetic structures and 
providing access from the outside for surgical intervention to the head of the patient when 
positioned within the first cavity, 

b) each of the first and second magnetic structures comprising a magnetic structure 
including: 

i) an annular conical section of permanent magnetic material and having a narrower 
end and a wider end connected by inner and outer substantially conical surfaces and a conical 
axis coincident with the common longitudinal axis, the narrower end being positioned closer to 
the region of interest than the wider end, the conical section having a first value and a first 
orientation of remanence, 

ii) an inner essentially cylindrical magnetic section of permanent magnetic material 
and having a longitudinal axis coincident with the common longitudinal axis and adjacent and 
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magnetically coupled to the wider end of the conical section, the inner cylindrical magnetic 
section extending radially in a direction away from the common longitudinal axis, the inner 
cylindrical magnetic section having a second value and a second orientation of remanence, 

iii) transition means for interfacing the wider end of the conical section and the 
adjacent end of the inner cylindrical magnetic section for at least partially correcting for field 
distortion in or near the region of interest arising from the magnetic coupling between the wider 
end of the conical section and the adjacent end of the inner cylindrical magnetic section, 

iv) a pole piece member of ferromagnetic material and positioned within the conical 
section adjacent its inner surface and having an axis also coincident with the common 
longitudinal axis, 

v) an outer cylindrical permanent magnetic section having an axis coincident with 
the common longitudinal axis and extending over the inner cylindrical magnetic section and the 
ferromagnetic pole piece member; 

comprising the steps of providing field distortion compensation by a shimming technique 
for reducing field distortions due to fabrication tolerences: 

A) constructing at least first rings of permanent magnetic material dimensioned to surround 
and contact the outer conical surfaces of both conical sections, 

B) magnetizing the first rings such that when positioned on the conical magnets, the 
orientation of their remanence is radial and perpendicular to the longitudinal axis, 

C) placing the first rings on the outer conical surface at its bottom vertex of both conical 
sections, 

D) if necessary, reconfiguring the first rings or adding second rings to the conical sections to 
farther reduce field distortions. 

28. A method of shimming a magnetic structure for generating a uniform magnetic field 
capable of implementing NMR imaging of the head of a patient within a region of interest as 
claimed in claim 27, further comprising the steps: 

E) measuring the magnetic field uniformity over a reference sphere having an origin at the 
structure center and co-spherical with the region of interest before step C, 
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F) re-measuring the magnetic field uniformity over the reference sphere having an origin at 
the structure center and co-spherical with the region of interest after step C, 

G) in step D, reconfiguring the rings based on the measurements of steps E and F to reduce 
distortion. 

29. A method of shimming a magnetic structure for generating a uniform magnetic field 
capable of implementing NMR imaging of the head of a patient within a region of interest as 
claimed in claim 28, wherein at least second rings are added, the rings all being magnetized 
radially and being in inverted magnetic orientation relationship. 

30. A magnetic structure for generating a uniform magnetic field capable of 
implementing NMR imaging of the head of a patient within a region of interest, the magnetic 
structure comprising: 

a) first and second magnetic structures defining a first cavity having the region of interest 
and configured to accommodate the head of a patient and defining adjacent the first cavity a 
second cavity, larger than the first cavity, configured to accommodate the shoulders of the 
patient when the latter's head is positioned in the first cavity, the first and second magnetic 
structures being positioned on opposite sides of the first and second cavities and defining a 
common longitudinal axis through the centers of the first and second magnetic structures and 
providing access from the outside for surgical intervention to the head of the patient when 
positioned within the first cavity, 

b) each of the first and second magnetic structures comprising a magnetic structure 
including: 

i) an annular conical section of permanent magnetic material and having a narrower 
end and a wider end connected by inner and outer substantially conical surfaces and a conical 
axis coincident with, the common longitudinal axis, the narrower end being positioned closer to 
the region of interest than the wider end, the conical section having a first value and a first 
orientation of remanence, 

ii) an inner essentially cylindrical magnetic section of permanent magnetic material 
and having a longitudinal axis coincident with the common longitudinal axis and adjacent and 
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magnetically coupled to the wider end of the conical section, the inner cylindrical magnetic 
section extending radially in a direction away from the common longitudinal axis, the inner 
cylindrical magnetic structure having a second value and a second orientation of remanence, 

iii) transition means for interfacing the wider end of the conical section and the 
adjacent end of the inner cylindrical magnetic section for at least partially correcting for field 
distortion in or near the region of interest arising from the magnetic coupling between the wider 
end of the conical section and the adjacent end of the inner cylindrical magnetic section, 

iv) a pole piece member of ferromagnetic material and positioned within the conical 
section adjacent its inner surface and having an axis also coincident with the common 
longitudinal axis, 

v) an outer cylindrical permanent magnetic section having an axis coincident with 
the common longitudinal axis and extending over the inner cylindrical magnetic section and the 
ferromagnetic pole piece member; 

vi) shimming means for reducing field distortions in or near the region of interest, 
said shimming means comprising: 

A) at least a first radially magnetized ring positioned on the outer conical 
surface of the conical section at its bottom, said first ring being configured to reduce field 
distortion. 

31. A magnetic structure as claimed in claim 30, further comprising at least a second 
radially magnetized ring positioned on the outer conical surface of the conical section axially 
spaced from the first ring, the magnetic orientations of the first and second rings being in anti- 
parallel relationship. 
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the respective first and respective second rings on the first and second magnetic structures are in 
anti-parallel relationship. 

33. A magnetic structure as claimed in claim 32, wherein the magnetic properties and 
configuration of the conical section and inner cylindrical section are based on an initial selected 
design factor K, the magnetic structure being actually configured on the basis of a design factor 
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K selected to have a value slightly larger than the factor originally used in the design such that 
the field uniformity in the region of interest is improved. 
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